Automatic conversion of paper drawings into a computer representation has been studied actively since the advent of CAD (computer-aided design) technology to maximize its benefits by integrating old engineering data archives. Among various categories of engineering line drawings, schematic diagrams such as electrical circuits and logic diagrams have so far received much attention.
A schematic diagram understanding system can be evaluated by recognition accuracy, speed, and flexibility. Most systems reported in the literature impose severe restrictions on diagrams to achieve high recognition accuracy, but it tends to degrade their applicability. Little care has been taken about the efficiency in terms of time and storage, but it is also an important performance attribute since high resolution digitization of large size drawings happens frequently in practice. By flexibility we mean that prior knowledge about input diagrams can be modified easily without rewriting the recognition program.
We propose in this paper an automatic system which recognizes logic diagrams by identifying logic symbols and their interconnections. A typical logic diagram consists of three components: text annotations, thin line-like objects representing symbols and connections, and thick regions or filled-in areas corresponding to special symbols such as arrowheads, solder dots, etc. The input diagram is initially digitized by a scanner into a binary image at a resolution of 150 pixels per inch.
The system takes the digitized image and (1) separates lines and regions from text annotations, (2) extracts a set of line segments representing the structural information of the two types of non-textual objects, (3) isolates symbols and connections from the line segments, and (4) recognizes the isolated symbols. We do not attempt to cope with the overlap between text and graphics. While we simply discard the separated textual data, it can be input to a character recognition system. Among various logic symbols and connections, we confine our attention to loop-symbols containing one or more primitive loops and rectilinear connections consisting of rectilinear polylines.
The system runs fast without any search on the entire image by the use of a boundary representation of the objects in the input image. Based on the restriction on symbols and connections, we have successfully isolated them by detecting such simply-shaped objects as loops and rectilinear polylines. Graphical description of symbol models is provided as prior knowledge, in which creation, deletion, and modification of symbol models may be performed easily without rewriting the recognition program.
Experiments show that the system can recognize about 99 % of logic symbols and more than 96 % of connections and that an A4-size diagram (210×297 mm) of average complexity can be processed within 10 seconds on a workstation.
